Introduction
The Late Cretaceous is one of the most significant periods in the geological history of the Arabian Peninsula, in view of the major structural and tectonic events that affected the region at this time (Glennie et al., 1974; Lippard et al., 1986; Searle & Cox, 1999) . As a result of this tectonic activity, the stratigraphic sequence records a greater complexity of facies changes than those pertaining to Early and mid-Cretaceous times (Alsharhan & Nairn, 1990) . The Upper Cretaceous rocks are widely exposed in the western foothills of the Northern Oman Mountains (Fig. 1) . These rocks are the oldest units that lie unconformably upon the Semail Ophiolite and the folded, thrusted, Hawasina and Sumeini groups of Permian-Late Cretaceous age (Glennie et al., 1974; and Wilson, 2000) .
The stratigraphy, facies and faunal content of the Upper Cretaceous neoautochthonous sequence of the Northern Oman Mountains have been discussed in numerous publications, including those by Glennie et al. (1974) , Hamdan (1990) , Alsharhan & Kendall (1991) , Anan (1993) , Noweir & Eloutefi (1997) , Noweir et al. (1998) , Sayed & Mersal (1998) , Boukhary et al. (1999) ; Alsharhan et al. (2000) , Noweir & Abdeen (2000) , and Abd-Allah (2001) . The present paper aims to clarify the stratigraphic setting of the Simsima Formation in the region on the basis of the foraminiferal assemblages recovered, and to discuss the facies implications of these assemblages. Four well-exposed stratigraphic sections of Campanian-Maastrichtian strata were measured and sampled (Fig. 2, Fig. 3 ). Three are located in the United Arab Emirates (Jabals Qarn El Barr, El Aqabah and Malaqet) and one is in the Sultanate of Oman (Jabal El Rawdah) (Fig. 1) .
Material
Forty-eight rock samples were collected from the sections studied (Fig. 2, Fig. 3 ). Some were washed to investigate their content of small foraminifera. Others were prepared for thin sectioning in order to study the larger foraminifera. Oriented thin sections were made of some free specimens of the latter.
Stratigraphic background
The post-obduction neoautochthonous Upper Cretaceous sedimentary succession unconformably overlies Late Cretaceous serpentinite, peridotite and pyroxenite of the Semail Ophiolite. The first marine transgression deposited shallow marine to fluviatile facies (the Qahlah Formation) over the eroded nappes of the ophiolite (Glennie et al., 1974) . These were followed by shallow-water limestones, collectively referred to the Simsima Formation, now exposed at Jabals, El Aqabah, El Rawdah and Malaqet (Fig. 1) . However, farther to the north at Jabal Qarn El Barr, the Simsima Formation O. Abdelghany / Cretaceous Research 24 (2003) [391] [392] [393] [394] [395] [396] [397] [398] [399] [400] [401] [402] [403] [404] [405] is represented by deep marine pelagic deposits, as indicated by the occurrence of planktonic foraminifera. Subdivision of the stratigraphic units encountered is based on their lithostratigraphic characteristics established in the field and biostratigraphic zonation based on planktonic and benthonic larger foraminifera.
Qahlah Formation
The Qahlah Formation unconformably overlies the Semail Ophiolite and locally unconformably underlies the Simsima Formation (Fig. 2) . It was first recorded as a formal rock unit by Glennie et al. (1974) . It consists of a thick conglomerate bed containing clasts of several rock types, ranging in size from granules to boulders of variable roundness that suggest diverse source areas, both local and distant. This formation attains a thickness of 23 m at Jabal El Rawdah, but is only 9 m thick at Jabal El Aqabah, and represented by a thin conglomeratic layer (1 m) at the base of the Simsima Formation at Jabal Malaqet. It is missing from the Jabal Qarn El Barr section. Those thicknesses are all significantly less than that recorded at the type section near Qalhat, southeastern Oman Mountains, where the formation is about 140 m thick. This may be a result of the variable topography of the Semail Ophiolite on which it was deposited.
In the sections studied, the Qahlah Formation is unfossiliferous, though in the type section it is rich in rudists, corals, oysters and larger foraminifera. Glennie et al. (1974) assigned a Maastrichtian age to it based on the occurrence of Loftusia sp., and some bivalves. Hamdan (1990) dated it as Early Maastrichtian at Jabal Oha (Fig. 1) , on the basis of the recovery of Globotruncana aegyptiaca Zone. Skelton et al. (1990) assigned an Early-Middle Maastrichtian age at Jabal Huwayyah (Fig. 1) based on an association of Loftusia sp., rudists and corals.
Recently, a section at Jabal Huwayyah has yielded the larger foraminiferan Pseudoorbitolina marthae (Abdelghany, in prep.) . This species was first identified from the Campanian type section in France by Douvillé (1920) . Its occurrence suggests a late Campanian age for the Qahlah Formation, providing support for a similar age assignment reported by Smith et al. (1995) from the same locality.
Simsima Formation
The Simsima Formation was first described by Glennie et al. (1974) . Owing to the inaccessibility of the subsurface type sections, Nolan et al. (1990) designated the Jabal Al Faiyah section, on the western side of the Northern Oman Mountains (19 km northwest of Jabal El Rawdah) as an alternative surface type section for this formation. It unconformably underlies the Muthaymimah Formation, which appears to be of Paleocene to (Middle?) Eocene age (Fig. 11) . Alsharhan et al. (2000) subdivided the Simsima Formation in the eastern part of the United Arab Emirates into Lower and Upper members. The Lower Member in the Qarn El Barr section (Fig. 3, Fig. 5) consists of chalky limestone with chert bands and nodules. This chalky limestone is rich in planktonic and benthonic foraminifera. This same member is 28 m thick at Jabal El Aqabah, 38 m thick at Jabal El Rawdah and 7 m thick at Jabal Malaqet. It consists of yellowish white, algal, orbitoidal limestone rich in macrofossils (e.g., rudists, corals and echinoids), as shown in Fig. 4 .
The Upper Member in the Jabal Qarn El Barr section is 28 m thick and consists of marl that is also rich in planktonic and benthonic foraminifera, it is topped by calcareous siltstone. In the Jabal El Aqabah and Jabal El Rawdah sections, this member is composed of nodular, bioturbated, orbitoidal, dolomitic limestone. It attains a thickness of 23 m at Jabal El Aqabah and 8 m at Jabal El Rawdah, but is missing from the Jabal Malaqet section (Fig. 2, Fig. 5 ).
In the Jabal Qarn El Barr section, the late Campanian-Maastrichtian age assignment to the Simsima Formation is based on planktonic foraminifera. In the other sections (El Aqabah, El Rawdah and Malaqet), the same age determination is based on the occurrence of larger foraminifera, as discussed below.
Fossils and correlation
As noted above, the palaeontological investigation of the sections studied revealed that the Qarn El Barr section contains numerous planktonic and smaller benthonic foraminiferal species. These have enabled the subdivision of this section into three parts, namely: the Globotruncana aegyptiaca (Late Campanian), Gansserina gansseri (Late Campanian-Middle Maastrichtian) and Abathomphalus mayaroensis (Late Maastrichtian) zones. The other three sections (El Aqabah, El Rawdah and Malaqet) yielded several larger foraminiferal species (Loftusia morgani, Orbitoides apiculata, O. media, Omphalocyclus macropora, Lepidorbitoides minor, Sulcoperculina dickersoni, and Siderolites calcitrapoides, which also support a Late Campanian-Maastrichtian age for the deposits studied. The taxonomy followed here is based on that adopted by Robaszynski et al. (1984) , Caron (1985) , Loeblich & Tappan (1988) , Nederbragt (1991) and Robaszynski & Caron (1995) , with special reference to the catalogue of index foraminifera by Ellis & Messina (1967) . Fifty-three foraminiferal species and subspecies were recovered. Diagnostic and/or stratigraphically important taxa are illustrated in Fig. 7, Fig.  8, Fig. 9, Fig. 10 . Stratigraphic relationships between the identified planktonic and larger foraminiferal species for the sections studied are shown in (Fig. 5) . A list of taxa with author attributions and year of publication are provided in the Appendix.
Planktonic and benthonic foraminifera of the Qarn El Barr section
The Simsima Formation in the Jabal Qarn El Barr section yielded numerous planktonic foraminiferal species, especially those belonging to genera Heterohelix and Globotruncana. In addition, several benthonic species were also encountered, some of which contribute to the age determination, as noted above. The distribution of the identified planktonic and small benthonic foraminiferal species is shown in (Fig. 3) .
Globotruncana aegyptiaca Interval Zone (Late Campanian)
This zone includes only the basal part (18 m) of the Simsima Formation in the Qarn El Barr section. Its lower boundary is indicated by the first occurrence of Globotruncana aegyptiaca, at the top of the first quarter of chron 32 (Fig. 6) , while its upper boundary is indicated by the first appearance of Gansserina gansseri. The associated species in this zone is Globotruncana rosetta.
The Globotruncana aegyptiaca interval zone is identified here for the first time; previously only the Gansserina gansseri interval zone (Middle Maastrichtian) was recognized (Hamdan, 1990) . These data support a Late Campanian age for the basal part of the Simsima Formation in the Qarn El Barr section.
Gansserina gansseri Interval Zone (Late Campanian-Middle Maastrichtian)
This zone encompasses the middle part of the Simsima Formation and is 17 m thick in the Qarn El Barr section. The lower boundary of the zone is indicated by the first appearance of Gansserina gansseri, in the highest part of chron 32 (Fig. 6) , while its upper 
Abathomphalus mayaroensis partial Range Zone (Late Maastrichtian)
This zone occupies the uppermost 34 m of the Simsima Formation in the Qarn El Barr section. The lower boundary is indicated by the first appearance of Abathomphalus mayaroensis, at the base of chron 31 (Fig. 6) , while the upper boundary is placed at the last Gradstein et al., 1994 ; palaeomagnetic polarities after Gradstein et al., 1994, and Premoli Silva & Sliter, 1994 ). 4, Bolivina incrassata gigantae, sample 10. 5, Bolivinoides draco draco, sample 10. 6, Transversigerina sp., sample 31. 7, Pyramidulina sp., sample 31. 8, Nodosarella gracillina, sample 28. 9, Stillostomella spinae, sample 28. 10, Globorotalites conicus, umbilical side, sample 10. 11, Gavellinella cf. petusa, umbilical side, sample 25. 12, Guembelitra cretacea, sample 26. 13, Heterohelix globulosa, sample 10. 14, Heterohelix cf. striata, sample 10. 15, Pseudotextularia elegans, sample 10. Fig. 9 . Scale bar represents 100 µm. All the specimens were recovered from the Simsima Formation, Jabal Qarn El Barr section, sample 10 except where stated; for author attributions and year of publication, see Appendix. 1, Globigerinelloides cf. prairiehillensis, ventral side. 2, Contusotruncana fornicata, spiral side. 3-5, Gansserina gansseri, 3, spiral side; 4, side view; 5, umbilical side. 6, Globotruncana aegyptiaca, umbilical side. 7, Globotruncana orientalis, umbilical side. 8, 9, Globotruncana rosetta, 8, spiral side; 9, umbilical side, sample 1. 10, Globotruncana cf. insignis, umbilical side. 11, Globtruncanita conica, spiral side. 12, 13, Globotruncanita stuarti, umbilical sides. 14, Globotruncanella minuta, umbilical side. 15, Globotruncanella petaloidea, side view. 16, Abathomphalus mayaroensis, umbilical side, sample 20. 17, 18, Rugoglobigerina macrocephala, 17, side view; 18, umbilical view, sample 30. Fig. 10 . Scale bars represent 1 mm. All the specimens were recovered from the Simsima Formation; for author attributions and year of publication, see Appendix. 1, 2, Loftusia morgani; 1, equatorial section; 2, axial section, Jabal El Aqabah section, samples 1 and 2 respectively. 3, Orbitoides apiculata, equatorial section, Jabal El Rawdah section, sample 4. 4-6, Orbitoides media, 4, external view; 5, equatorial section; 6, axial section, Jabal El Rawdah section, sample 4. 7, 8, Omphalocyclus macropora, 7, equatorial section; 8 axial section, Jabal El Aqabah section, sample 2. 9-11, Lepidorbitoides minor, 9, external view; 10, equatorial section; 11, axial section, Jabal El Rawdah section, sample 3. 12, Sulcoperculina dickersoni, axial section, Jabal El Aqabah section, sample 6. 13, 14, Siderolites calcitrapoides, equatorial section, Jabal El Rawdah section, sample 4. occurrence of globotruncanids; e.g. G. aegyptiaca and G. havanensis. The associated species include Guembelitria cretacea, Heterohelix globulosa, H. cf. striata and Rugoglobigerina macrocephala. Hamdan (1990) identified this zone only in the upper 13 m of the pelagic marls and calcareous shales in the Qarn El Barr section.
Larger benthonic foraminifera
Publications dealing with larger Cretaceous foraminifera of the United Arab Emirates are relatively few, despite there being many exposures that yield them. Kureshy (1980) noted that the isolation of Cretaceous larger foraminiferal assemblages in different parts of the world during the Cretaceous Period meant that they evolved independently in different areas and that their distribution was controlled by ecological factors. Cox (1937) and Al-Omari & Sadek (1976) documented loftusiids together with Omphalocyclus macroporous and Orbitoides apiculata in both Oman and Iraq. Meriç et al. (2001) discussed the palaeogeography of the Loftusia species based on a model for the plate tectonic history of Turkey and areas further afield in the Tethyan Realm. Loftusia morgani was recorded by these authors as well as by Cox (1937) and Al-Omari & Sadek (1976) from Upper Maastrichtian deposits in Turkey, Iran and Iraq, respectively.
Several species of larger foraminifera have been encountered in the shallow carbonate facies of the Simsima Formation. These include Loftusia morgani in the Jabal El Aqabah section; Orbitoides apiculata in the Jabal El Rawdah section; Omphalocyclus macropora, Sulcoperculina dickersoni and Siderolites calcitrapoides in both the Jabal El Aqabah and Jabal El Rawdah sections; and Orbitoides media and Lepidorbitoides minor in the Jabal El Aqabah, Jabal El Rawdah and Jabal Malaqet sections. This fauna allows the subdivision of the Simsima Formation into two distinct orbitoidal units: a lower horizon yielding Orbitoides media and Lepidorbitoides minor and an upper one yielding Orbitoides apiculata and Siderolites calcitrapoides. The lower horizon can be correlated with the Globotruncana aegyptiaca and lower part of the Gansserina gansseri interval zones (Fig. 5, Fig. 6 ), whereas the upper horizon can be correlated with the upper part of the Gansserina gansseri Interval Zone and the Abathomphalus mayaroensis Zone (Fig. 5, Fig. 6 ).
Larger foraminifera are absent from the deeper water facies in the Qarn El-Barr section. Near the base of the Simsima Formation in shallow-water facies a specimen of Loftusia morgani was recovered with ophiolite particles within its agglutinated test. These particles were probably derived from the underlying ophiolite-derived, shallow-water clastics of the Qahlah Formation. A similar conclusion was reached by Meriç et al. (2001) , who found Middle-Upper Maastrichtian Loftusia species in Turkey with tiny ophiolitic rock particles adhering to their tests. They concluded that the shallow-water ophiolite platforms formed during Late Maastrichtian tectonic movements, which culminated in the closure of the Tethyan Ocean. The distribution of facies in the sections discussed herein indicates that the Late Cretaceous sea in the region deepened towards the NNW, i.e. towards the Qarn El Barr section (Fig. 5,  Fig. 11 ).
Conclusions
Detailed studies of the diverse assemblages of late Campanian-Maastrichtian planktonic and larger foraminifera recovered from the sections studied have enabled biostratigraphic and palaeoenvironmental conclusions to be drawn. The Qarn El Barr section has been referred to three biozones: the Globotruncana aegyptiaca (Upper Campanian), Gansserina gansseri (Upper Campanian-Middle Maastrichtian) and Abathomphalus mayaroensis (Upper Maastrichtian) zones. Two associations of larger foraminifera, Orbitoides mediaLepidorbitoides minor and Orbitoides apiculataSiderolites calcitrapoides, have been recognized in the other sections examined. A correlation between the open marine facies containing planktonic foraminifera with the shallow marine facies yielding larger foraminifera has also been attempted. Hence, the Jabal Qarn El Barr section has been correlated with sections at Jabals El Aqabah, El Rawdah and Jabal Malaqet in the United Arab Emirates and Sultanate of Oman. 
